Stimulus and response functions, as the fundamental blocks of nonlinear interaction dynamics, are analyzed and modeled here, under a variety of interaction strategies. The backbone of the suggested model is a simple iterative dynamical formulation: the magnitude of a signal sent at present is a function of a relevant signal sent--as well as of a signal received--in the past; in turn, a signal received at present is a function of a signal received--as well as of a signal sent--in the past; namely, Ss(n + 1) f Ss(n)Sr(n) and Sr(n -+-1) f Sr(n)Ss (n) where Ss/r is the size of a signal sent/received, and n is a point in time.
INTRODUCTION
An effort is undertaken in this paper to model the dynamics and genetic character of interaction among two individuals or agencies. It is argued that there are certain fundamental elements and conditions associated with social interaction dynamics, always encountered in social systems whenever two entities are engaged in some form of stimulus-response exchange. Centrally located is the condition that these dynamics are inherently nonlinear, and that they are the result of various response strategies adopted by social actors. A variation of classical Newtonian type action-reaction, the genetic model suggested is broad enough to accommodate a wide range of human interactions. Fields such as micro and macro economics, sociology, political science, social and individual psychology, business and professional practice are among the grounds to utilize this model. Although basic notions from both psychology and economics are employed, the model suggested is neither "pure" psychology or economics, but rather a "composite" social science one. * E-mail: ddendrinos@ku.edu Much of the foundation for the work here is drawn from prior research by the author, specifically from the paper Dendrinos (1998) . There, the basic model of social interaction dynamics was laid out. Here, some significant modifications are made to highlight the aspects of interaction that readers of this journal might find of interest. The action-reaction system, as proposed in 1998, intended to identify the source of positive or negative feedback loops, associated with inherent self-fulfillment or self-defeat aspects of public action. Here, a closer look is taken on the actions by individuals in reference to expectations and desires they possess, as well as to response strategies adopted, in the context of any human interaction. It is argued that qualitatively similar processes underlie private and public actions.
Social psychology, with the study of interaction among individuals prominently figuring at its core, is particularly keen to this framework. For instance, the interaction dynamics characterizing an attraction vs. repelling relationship between two (and possibly more) individuals A central aim of the analysis which follows is to demonstrate the inherent aspects of over or under reaction in a two-person/agency interaction. Nonlinear dynamics based coupling almost always contains over or under reaction, often the byproduct of pursuing one (or multiple) stable dynamic equilibrium state(s), or moving away from unstable ones, under an adopted stimulus-response (coupling) strategy.
Excessive quantities of stimulus or response are encountered in a wide variety of forums. Beyond the examples given above, overstimulation (over or under reaction) is also detected in the behavior of stock prices in all stock exchanges, and in almost all aspects of public, economic and social policy. One encounters excesses in responses surrounding the demonstration of human emotions and feelings, such as affection, indifference or repulsion, greed or fear, love or hate. A vast array of dynamic linkages between individuals supply the forum for these excesses to occur. Interactions among nations, leading towards or in avoiding military engagement, supply another context where this framework could be insightful.
Certainly, the central claims of this general model structure are that, first, a fundamental nonlinearity, and second the presence of dynamically stable and unstable multiple end-states characterize human interaction, under any choice of reaction strategy. Chaotic motion is possible. It does not, however, follow that mathematical chaos can be (or is) likely in such inherently nonlinear relationships, a theme which is not elaborated further in these pages.
Due to the systemic nature of the paper and the depth of the subject, the reader is forewarned to expect numerous splinters, the beginning of strings of further and future work. These and other points of bifurcation are not followed here, primarily due to lack of time and space, but merely indicated.
THE STIMULUS (ACTION) RESPONSE (REACTION) MODEL
At the outset, the model's elements will be given, followed by the model's conceptual primitives. Then, the model formulation will be supplied together with its dynamics and equilibrium states.
The Elements Of the Model and Some Elaboration
The discussion which follows dwells onto a generic and systemic presentation of the necessary and sufficient elements found in a human interaction, no matter its sociocultural context. With a focus on the central elements, necessary to make the underlying model manageable, certain basic but related themes are outlined. Immediate, and possibly significant, modifications are touched upon as relevant extensions are recommended.
By introducing these additional suggested elements into the model, one could enhance its capacity to deal with far more complicated conditions in human interaction dynamics than those addressed here, where the focus is on individual exchange. Complex An individual, designated by index (where 1,2,...I), is considered to be part of a set of I different individuals making up a community of interacting entities. Individuals are heterogeneous not only because of the manner in which they interact with other members of the group, but also because of the differing amount of resources and initial endowments they possess to do so. Bound L possibly subscripted by index and thus considered to be individual specific, is never sharp or constant. Endogenous growth or decline, and in or out migration alter perceived community size in time.
Community composition (the "heterogeneity" factor and the group's perceived size), resource distribution, and interaction are linked in a three-way interface, whereby each affects the other in a cause-effect relationship. At any point in time, there is a resource distribution among members of a community, the exact form of which does depend to an extent on the interactions taking place within the community, as well as the prevailing degree of heterogeneity within the community. Heterogeneity is affected by the resource distribution and the prevailing pattern of interactions within the group. Finally, interaction among the members of the community does depend on the prevailing patterns of differentiation and resource distribution.
Thus, possibly a highly nonlinear interdependency exists among these three elements found in any community. Two distinct types of shocks can be identified. One category of shocks affecting an interaction (ij) is that which can originate from within the community of individuals and specifically from the subset c; one could label these shocks, internal to I and in reference to the (ij) interaction, as "soft". Then, there is the second category of shocks which could come from outside the set I altogether, perturbing the interaction between entities and j, and possibly that between and c; this type of external shock one could characterize as "hard". In the nonlinear dynamic interactions envisioned here, shocks are critical for purposes of testing the robustness surrounding the dynamical stability, at both the individual interacion (ij) and the community levels. bank and intended to stimulate the nation's economy, undoubtedly, will have a different actual time unit length (n) than, for example, a love/hate relationship between two individuals. In the former case, n could last for a month or a quarter; whereas, in the latter, n could depict hours or days. These interactions could possibly differ, as well as to the relevant time horizon T. Of interest is the fact that the emission of the response signals carries intent, and follows the adoption of a response strategy by the sender. To address these issues, one must examine the conditions under which the receiver of a signal responds to the effects that the signal received has upon it.
Expectations, Desires and Their Measures
Central to the general framework found in Dendrinos (1998) and adopted here is the existence of differing expectations and desires that an individual has in reference to the magnitude of the signals received from another entity. Expectations individual possesses for signals sent from entity j and the background crowd c, at any point in time t(n), are to be designated as Ej,i[t(n )] and Ec,i[t(n )] respectively. Equivalently, the desired levels individual has, at time t[(n)], for signals emitted from j and c and directed towards i, are denoted by Dj,i[t(n )] and D,i[t(n )] correspondingly.
Below, first a presentation of the concepts surrounding the notion of "expectation" is given, followed by a discussion of those around that of "desire." It is worth noting that fear can also be considered (as being the inverse of desire), so that the analysis which follows can be carried out in terms of fears rather than desires.
EXPECTATIONS
Expectations are represented by a "signal expecting function," to be referred to as the E-function, defined as 
( 2) where coefficients a,/3 are non negative weights, c being converters of disappointment (due to inability to properly gage a signal) into disutility, and/3 being converters of unhappiness (due to rejection) into disutility. One can equivalently define quantities -Uj, and -U,,i as well.
That entity j/c is currently, i.e. at t(n ), expected by to experience a (low or high) level of disutility Uj/,i[t(n+ 1)] at the next time period due to i's upcoming response, causes current pleasure (or utility) to i, the level of which is to be designated as +Uid/[t(n )]. No matter the expected (positive or negative) impact of a signal from a sender towards the receiver, the sender always emits a signal to any destination that causes at present some pleasure to the sender proper. Thus, the purpose of a signal is twofold, to inject some degree of future pleasure (more accurately, displeasure) to the receiver, and at the present time period to satisfy the sender in doing so. In effect,
where translator coefficients 3' are non negative quantities; they act as converters of utility units for entity of utility units of entity j or c.
In responding with intent, entity is assumed to possess the requisite knowledge of j/c's current expectation and desire measures. Further, in responding with intent, entity adopts an appropriate response strategy towards j/c.
Response strategies link the current disutility levels experienced by from receiving a signal from entities j/c(-Ui/c[t(n)]) to the currently expected by future disutility of the receiver j/c due to the upcoming response (-Uj/,i[t(n + 1)])).
There are numerous response strategies an individual could choose from in reacting, a few possible ones listed below:
Under a tit-for-tat response strategy, individual is motivated to respond by inflicting upon entities tic an amount of displeasure approximately equal to the one received; this is the case when the following conditions hold: 
Deviations from expectation and desire levels, experienced by an individual as a result of a signal received, combined with one's ability to either reward or penalize the sender by a subsequent signal to be emitted, and addiction to a particular interaction type determine the overall utility for acting in time. Expected changes in this overall utility level reveal the incentive (or more precisely, the level of disincentive) to keep interacting. Motivation, or inducement, to act (and react) so that one attains over time a particular utility level, gives the underlying fundamental purpose in human interaction.
Dreamers and Cynics: The Pure and Hybrid

Variety
Of particular interest is the difference between the expected (through the value of the E-function) and desirable (through the value of the D-function) levels an individual carries in reference to a signal sent from another individual j. To be denoted as the ED-gap, a positive or negative quantity, this difference is defined at any signal size. As it is assumed that these two functions can be substituted by their corresponding unique levels (E and D respectively) for any individual in reference to another entity j, one may profitably examine the meaning of the ED-gap.
If the ED-gap is relatively small in absolute value, then one may characterize individual as falling under the "dreamer" category in reference to entity j. In this case, the individual is seen as the carrier of "great expec- On the other hand, were the same type individual to receive (perceive) an actual signal close enough to the magnitude expected (and desired), then the individual must be thought of as having had "realistic," albeit great, expectations. The individual must feel exuberance or at least satisfaction depending on the magnitude of p/d. The most rewarding of all response functions must be the reactions strategy of choice under these conditions.
Pragmatism, Surprise and the Cynic
Different is the picture when a cynic is involved. Were the cynic to receive a signal very different in magnitude than the one desired but close enough to the one expected, then the cynic can be considered to be also a "pragmatist". Were the opposite to be the case (the signal coming close to the one desired, but far from the one expected) then the cynic is clearly "out of touch" with reality. However, in either cases, the cynic does not necessarily feel disappointed, as some hedging has taken place; it certainly does not experience surprise.
But neither does the cynic ever feel elated, as any small p/d is countered by a sizable d/p. If the signal received by a cynic is far from both desired and expected levels (an event which is unlikely as the spread due to the ED-gap of a cynic covers a lot of ground in the signal's spectrum), then a rare event is recorded: one has encountered a "disappointed and surprised cynic!", the degree of disappointment and surprise directly linked to the magnitudes of p and d.
A response at t(n+l), given a signal received at t(n) from tic, would motivate a cynic to act differently, depending on the relative location of s in reference to D and E.
There are three possibilities, two of them having the signal falling beyond both measures, and one accounting for the signal falling between them. The cynic will react by adjusting the signal size emitted differently, depending on each of the three cases. In any case, one should not expect a cynic to choose extreme positions in terms of a response strategy, as opposed to the dreamer's case.
That is, depending on the degree of myopia or foresight, either by a choice of a signal sequence in time the individual could maximize a stream of utilities, or, more likely, the individual would maximize current utility level by a choice of current signals. Whatever the guiding principle, one could profitably assume that a utility maximization process (subject to the resource constraints already mentioned) would act as an operating "potential," giving rise to the specific kinematic conditions of the model. This would imply that: Lucas (1984) . Moreover, if the magnitude of the actual signal received is greater than the expected one and also greater than the one desired, then individual proved to be a "pessimist", since entity was carrying an "underestimate" (the case of overshooting by entity j towards i). Whereas, if the magnitude of the actual signal is less than its expected size and also less than the desired one, then individual proved to be an "optimist", as was the carrier of an "overestimate" (the case of undershooting by entity j towards ). Pessimism, as well as optimism, characterizes conditions where the actual signal clearly falls below or over D/E levels. Mixed feelings of pessimism or optimism appear when intermediate cases occur, whereby the actual signal's magnitude comes between expected and desired levels. These cases imply mixed over or undershooting conditions by j towards entity i.
Response strategies adopted by optimists, at any particular point in time must be different than those that could be adopted by pessimists. In both cases, entity i's response to both j and c at time n+ 1 is partially pegged to the magnitudes ofp and d, and in specific to the position of s relative to the location of measures E and D in the positive real space. These differentials form part of the basis for specifying the kinematic conditions of the model.
Potentials
In the context of any interaction, an individual would engage in an exchange and act so as to maximize overall utility (or, equivalently, minimize overall disutility) level, at any point in time or over a pre-specified time period.
where, maxUi[t(n)] is the maximum possible level that could be obtained at t(n), and Const/= Hi(T) could be some utility level Hi(T) associated with individual i, prespecified over a time horizon T.
In case maximum utility levels vary in time, it is immediately obvious that temporal utility differentials identity various levels in the motivation to act in time; i.e. the first derivative of Ui[t(n)] with respect to n is the willingness to act at t(n).
Along classical Newtonian mechanics, implications from condition (10) might indicate that there is some "energy" condition present in any interaction. Whether an individual is a cynic or a dreamer would determine to a great extent the level of energy present in the interaction, an a priori "passivity or activity" level, such that the actions taken by any individual at any point in time may leave the level of such energy constant. Furthermore, one could argue that there are different initial levels of energy for the cynic (Constcynic)i and dreamer (ConStdreamer)i types; in turn, one could allow individuals to switch energy levels (and thus roles), as they evolve within a community interaction dynamics framework. They could be, among other factors, attributed to the ED-gap size. All that is left, however, to future research, a quite promising avenue of work since it may reveal ties between social behavior and natural systems dynamics.
Summary of Model's Conceptual Primitives
Split between dreamers and cynics, realists and utopians, optimists and pessimists, individuals act and react on the basis of expectations and desires. By selecting a response strategy, the sender of signals penalizes or rewards the intended receiver(s). In interacting, an individual undergoes three different types of experiences, one of them involving a positive utility and two of these elements identifying a negative utility (disutility) measure.
On the positive utility (satisfaction) side, rational behavior leads a sender to experience pleasure due to the sending of a response signal with an expected (and assumed always to be to the liking of the sender) impact on a receiver. On the negative utility (disutility) side, first, due to addiction in behavior, the difference in the signal sent at present from a prior signal creates displeasure as it contains a brake with habit and tradition; and second, any signal received causes the receiver a varying level of pain, since it always deviates from expected and desired measures (unless it is an unlikely bull's eye on both counts).
Responses by senders of signals to receivers are pegged to the specific response strategies available to the sender and adopted in a particular interaction. Three types of response strategies seem to constitute the basis for formulating a menu of alternative response avenues. They range from a tit-for-tat, to gradual (escalating or diffusing) response, to a blind one (total indifference).
Probable potentials in place guide the motivation to interact for dreamers and cynics. Change in the level of these (energy) constants may cause switching from one mode (dreamer) to another (cynic). Individual and community interaction dynamics are linked to the distribution of individuals between these two categories of behavior.
The Model's Formulation
In this section an effort is made to specify the model's form and the underlying equations of motion in the system. Resource constraints with which an individual is limited in receiving, processing and sending signals are not formally elaborated in this simple case.
Setting the model's structure, a few structural issues need to be addressed at the outset, namely the presumed time delays incorporated into the dynamics of the interaction, and the assumptions regarding learning, knowledge base and their symmetry conditions in the two-way exchange. These issues are addressed in turn next.
Time Delays
Action and reaction by both members of an exchange are assumed here to be simultaneous, i.e. they do not involve directly a time delay in them. This is indeed a strong assumption particularly when spatial (or social) distance is considered. Nothing, however, requires this to be necessarily the case, except to render the model more complex. Instead, the simple model suggested here relies exclusively on addiction and formation of expectations for its dynamics. Thus, the first consideration having to do with time delays surrounds in effect the element of habit or addiction. Time delays are also linked to memory and learning through the process of forming expectations, the longer the time delays built into the model the longer the memory and more the amount of learning accomplished.
By incorporating either time delays (i.e. memory) into current action, that is by linking the next time period's signal magnitude to the current as well as past signal sizes, one renders history relevant and at the same time weighs the presence of habitual behavior.
Extent of time delay (indicative of how much from the past a current action draws) determines the degree to which history matters to an actor. One could also make the extent of time on which an action is based a function of the type of individual one examines: a dreamer, for instance, could draw from a very long history; while a cynic might confine the extent of temporal consideration to a very short A key point of this paper is this: the interaction itself governs a truly evolving system of engagement among the agents or agencies involved.
In the field of economic policy this implies that the perceptions policy makers have of the system subjected to policy making (and vice versa) is not rigid, but an evolving one. Rather than consider the knowledge base of a system fixed from some initial time period, when intervention is initiated, and lasting up till the end of a time horizon while interaction lasts, knowledge level of a system is considered to be in a state of flux. Further, the policy maker' s expectations of how the system is likely to behave also change in time.
In the field of social psychology, an individual's response to another individual over time is not pegged to an initial (set at some original time period) knowledge or ignorance level an individual has of another individual's expectations and desires functions. To the contrary, it depends on the responses received by the individual in question to its initial and on going overtures. Put differently, the time sequence of stimuli and responses changes the knowledge base of the action itself, through some learning. This is a major point distinguishing this analysis from previous ones, (see for example that by Rinaldi and Gragnani, 1998 , for an interesting presentation). Rinaldi and Gragnani put forward a model of simulating attraction among individuals in pair wise love interaction dynamics. But, an at least questionable and possibly flawed notion is advanced; namely, that all individuals in a community can be ranked by some index of "attraction," which is assumed to be fixed over time, and above all independent of the individual to whom a person might be attractive or not. Moreover, this ranking is commonly accepted within the community! System dynamics, and individual as well as community "equilibrium" conditions are critically associated to the existence of such a robust ranking.
It is the centerpiece of this paper that instead of a strict attractivity ranking, and among other numerous conditions, the likelihood and robustness of a community's stability must critically depend on the relative current (and ever changing) abundance of individuals categorized as "dreamers" or "cynics" within the community. And community stability must also depend on the distributions of the ED-gap, and the p as well as d sizes, among the members of the community, at any point in time t(n ). And above all, it must depend on the choice of response strategies.
Kinetics Under a tit-for-tat Response Strategy
As alluded to earlier, one would expect inter-temporal utility functions (preferences), a variety of relevant constraints, including initial endowments etc. to determine the functional form of the kinetics. Utility functions would propel individuals to pursue interaction strategies, emit messages and pursue learning, which maximize total utility in an exchange. This is attained by choosing signals that maximize the pleasant and satisfactory experiences, and by minimizing disutility due to unpleasant and unsatisfactory signals received through learning and an improved knowledge base subject to resource constraints. Since resource constraints are not explicitly incorporated into the interaction dynamics modeled here, the kinetics are solely based on an unconstrained utility maximization process.
No matter how objectionable one might consider the simplifying assumptions behind the specifications that follow, they do not even compare with the more or less arbitrary arguments found in other papers (in the various fields of Psychology which attempt to deal with the topic of human interaction). For example, in the paper by Rinaldi and Gragnani (1998) , psychological processes associated with "return instinct" and "oblivion" are introduced into the governing set of differential equations of motion. The three variables are adopted after the work by Bowlby (1969 Bowlby ( , 1973 Bowlby ( , 1980 
where, expectation related memory index rn obtains some maximum value M N. The precise definition of E, however, is immaterial for the purposes of this work. Given that in this formulation expectations are described by a dynamical path, since expectations are moving in phase space, one confronts the possibility that someone who started as a dreamer at some initial point in time, is gradually (or abruptly, depending of the form of the moving expectations path) transformed into a cynic through the evolution of the community interactions. A further mechanical simplification is in order, at this point: to more effectively window into the interaction on hand between individuals and j, the background influences can be assumed to be negligent, so that the terms +Ui/j,c[t(n )], --Uc,i/j[t(n )] can be omitted from the kinematic conditions. These simplifying assumptions imply, among other things; that the exogenous shocks (noise, disturbance) imposed on the (ij) interaction could be either of the "hard" or "soft" variety, without one being able to necessarily distinguish among the two at this stage.
As a result of the above stated conditions, the following equations become operative: (13) with the new constants given by:
It is clear from conditions (17) and (18) One additional point of significance is this: although possible, chaotic dynamics are (even in theory, see Dendrinos (1992) ), very unlikely in the above model. To show this, one ought to examine the likelihood that the period three cycles in the above stated dynamics has real solutions. Since the complicated forms involved in the iterative process (on both the and j front) render the analysis almost intractable, one needs to resort to numerical simulations to locate (the rare) chaotic regimes. In qualitative terms, one detects that even this simple model formulation affords little chance that the roots of a three in degree equation are all real (and non negative, thus admissible).
Analysis of Equilibria
Of interest is the configuration of these two fixed points (1Sii, 2Sid) in the phase space, particularly when compared with the location of the (moving up till equilibrium) expectations, E i, and the fixed desirability target, Di, of an individual in the exchange (ij).
Initially, the proximity to Di of the two fixed points is examined. Formulating the difference (j.Sii-Di) and looking at the parameter specifications that would render it close to zero, one detects (by suitable substitutions from Eqs. (A.11,2) and simple algebraic manipulations) that these fixed points are in general far from the target Dj. There are, however, rare levels of desire, which if coupled with a set of favorable parameter values do allow for the existence of satisfied dreamers. This occurs when: (1/2){AE + [(IE 411x] 1/, (27) where, tx E/.2-H/offT-1). However, not both of them are dynamically stable, and indeed it could be that none is.
What the above analysis implies is that first, cynics are much more likely to exist in a state of equilibrium than dreamers, although not necessarily without experiencing some surprises; and second, that dreamers are likely to be very unhappy in a (stable) community where vast ranges of desires remain unrealizable utopias. Of course, given enough time on the way towards equilibrium, the possibility exists in this evolutionary model that, by adjusting expectations, dreamers might be able to switch mode of behavior and convert to cynics thus avoiding deep disappointment.
CONCLUSIONS
In setting the building blocks of individual interaction dynamics, a set of basic elements were identified, a number of alternative edifices were constructed, and their stability properties analyzed. It was found that there are two types of individuals within a community of interacting agents, that of dreamers and cynics, with various kinds of expectations and desires governing their exchange with others. It is noted that in the field of psychology, there are numerous definitions (I have come across at least eight on each) of these two notions, namely "dreamer" and "cynic". The terms are used here in a manner distinct from any of these existing definitions (and they could be denoted, for example, as D-dreamer and D-cynic, for dreamer/cynic "according to Dendrinos Although the model was presented as an individual interaction process with purpose and intent in the interchange, the structure is broad enough to accommodate any formulation associated with public policy actions. In this case, the model can be easily modified to account for the action of a public agent and the reaction of the socioeconomic system under governance.
As stated at the outset, the model formulation (being so generic, systemic and detailed in its exposition) lent itself to numerous extensions and modifications, all left to future work and the interested reader. Central among them is the introduction of time delays into the reaction process. Time delays are paramount, when of course space distances are considered in an exchange. Space also could be explicitly introduced by making signal size (sent or received) a function of distance (between sender and receiver). Lastly, transforming this Newtonian mechanics type actionreaction system to a relativistic or even quantum type interaction is certainly an interesting extension, too. where, the t(n) notation has been dropped, the t(n-1) notation has been substituted with (-1), and the Ej,i variable (the expectations has of j's signal directed towards i) has been simply been noted as Ei (with similar modifications for Eid, Dj,i and Did). At a point of equilibrium, where conditions (21) and (2) hold, simple algebraic operations produce (as the * has been dropped):
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